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Perceptual and instrumental evaluation of voice
and tongue function after carotid endarterectomy
Louise M. Cahill, PhD,a Bruce E. Murdoch, PhD, DSc,b Timothy McGahan, MBBS, FRACS(Vascular),c
Harry Gibbs, MBBS, FRACP,c Jennifer Lethean, PhD,d and Kirsty MacKenzie, PSpPath,a Brisbane,
Australia
Objective: Laryngeal and tongue function was assessed in 28 patients to evaluate the presence, nature, and resolution of
superior recurrent laryngeal and hypoglossal nerve damage resulting from standard open primary carotid endarterectomy
(CEA).
Methods: The laryngeal and tongue function in 28 patients who underwent CEA were examined prospectively with various
physiologic (Aerophone II, laryngograph, tongue transducer), acoustic (Multi-Dimensional Voice Program), and
perceptual speech assessments. Measures were obtained from all participants preoperatively, and at 2 weeks and at 3
months postoperatively.
Results: The perceptual speech assessment indicated that the vocal quality of “roughness” was significantly more apparent
at the 2-week postoperative assessment than preoperatively. However, by the 3-month postoperative assessment these
values had returned to near preoperative levels, with no significant difference detected between preoperative and 3-month
postoperative levels or between 2-week and 3-month postoperative levels. Both the instrumental assessments of laryngeal
function and the acoustic assessment of vocal quality failed to identify any significant difference on any measure across the
three assessment periods. Similarly, no significant impairment in tongue strength, endurance, or rate of repetitive tongue
movements was detected at instrumental assessment of tongue function.
Conclusions: No permanent changes to vocal or tongue function occurred in this group of participants after primary CEA.
The lack of any significant long-term laryngeal or tongue dysfunction in this group suggests that the standard open CEA
procedure is not associated with high rates of superior recurrent and hypoglossal nerve dysfunction, as previously
believed. (J Vasc Surg 2004;39:742-8.)Carotid endarterectomy (CEA) is the most commonly
performed surgical procedure for treatment of symptom-
atic carotid stenosis. Clinically significant complications of
CEA may include inadvertent cranial nerve damage, with
incidence reports varying from 3% to 48%.1-7 Several nerves
may be affected after CEA, including the superior recurrent
laryngeal nerve (SRLN) and the hypoglossal nerve, and
damage to these nerves may result in some degree of
laryngeal and tongue function, respectively. The SRLN has
been reported to be the most commonly involved cranial
nerve, although dissection of the SRLN is not part of the
usual CEA procedure.8 Injury to cranial nerves in most
cases is considered the result of stretch, retraction, and pres-
sure from clamping, rather than from direct transection.4,6,8
Although impairment of laryngeal and tongue function
has been reported after CEA, little information regarding
the specific incidence, characteristics, pathophysiology, and
long-term outcome is available in the literature. In addi-
tion, the information that is available is based on the
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comprehensive evaluation of voice and tongue function
before and after CEA with objective instrumental and
acoustic assessments. The purpose of the present study was
therefore to conduct a prospective evaluation of laryngeal
and tongue function in a group of patients undergoing
standard open CEA surgery, by means of perceptual, phys-
iologic, and acoustic assessments, to determine the pres-
ence and severity of any laryngeal and tongue dysfunction
and to determine whether, if present, these deficits persist
over time.
METHOD
Participants
Twenty-eight patients who underwent standard pri-
mary open CEA at the Princess Alexandra Hospital be-
tween March 1998 and July 2000 participated in the study.
The project was approved by both the Princess Alexandra
Hospital Research Ethics Committee and The University of
Queensland Ethical Review Committee. Potential partici-
pants were identified from the surgery waiting list and
contacted before their surgery to determine whether they
consented to participate in the study. Assessments were
conducted in the Motor Speech Research Unit at The
University of Queensland, St Lucia, and not at the Princess
Alexandra Hospital; thus only those patients willing to
participate and travel to the university were included in the
study. Fifty-two patients who met the selection criteria
were contacted by the speech pathologist involved in the
project to determine whether they wished to partic-
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were not interested in participating, with only 1 of these
being too unwell to participate. Three patients lived outside
the Brisbane area and were unable to undergo assessment
before surgery or to attend follow-up assessments. Four
patients could not be contacted. Three participants were
assessed before surgery, but for various reasons (heart prob-
lems, moved to rural nursing home) were not able to attend
follow-up assessment. Two participants completed the be-
fore surgery and 2-week assessments, but were unavailable
for the 3-month assessment.
The mean age ( SD) of the participants was 69.54 
6.67 years (range, 57-83 years). Of the 28 participants, 22
were men and six were women. Fifteen of the participants
underwent right-sided CEA, and 13 underwent left-sided
CEA. Patients were excluded from the study if they dem-
onstrated a previous or current speech disorder, dementia,
alcohol or drug abuse, or other neurologic disorder. Pa-
tients taking medications with potential adverse effects on
neurologic function or vocal quality (eg, asthma medica-
tions) were also excluded from the study.
Procedure
Perceptual and acoustic evaluations of vocal quality and
instrumental assessments of laryngeal and tongue function
were conducted before CEA and at 2 weeks and at 3
months after surgery. The assessments conducted are de-
scribed below.
Perceptual evaluation of vocal quality. Each partic-
ipant was required to read aloud a standard passage, “The
Grandfather Passage.”9 The speech sample was recorded
onto a digital audiotape with a Sony digital recorder
(Model TCD-D10), with a headset microphone (AKG
Model C 420) positioned 10 cm to the side of the mouth.
The speech samples for each participant, from each assess-
ment period, were deidentified, randomized, and dubbed
onto a master tape. These speech samples were later rated
by two experienced speech pathologists on the six vocal
qualities of the GIRBAS scale10: grade, the overall degree of
deviance of the voice; instability, abnormal variation or
fluctuation over time of any vocal parameter; roughness,
voice quality related to the impression of irregular glottal
pulses of a low-frequency noise component or of harshness
of vocal fry; breathiness, voice quality related to the audible
turbulent noise generated at the glottal level by air leakage;
asthenicity, auditive impression of weakness or powerless-
ness in spontaneous phonation; and strain, auditive impres-
sion of excessive effort, of tension associated with sponta-
neous phonation. These parameters were rated on a 3-point
classification scale in which a score of zero represented no
deviation and 3 represented a severe deviation in the vocal
feature. Both judges listened independently to the tape-
recorded speech samples, then conferred to obtain a con-
sensus rating. Interjudge reliability was determined by
comparing the perceptual rating scores of the two judges
for each of the six vocal dimensions rated for each assess-
ment period. The Spearman rho rank correlations indicated
a high mean degree of reliability (rho  .91) between thetwo judges for all six vocal dimensions. The consensus
ratings obtained from the two judges were used in analysis
of the results.
Acoustic analysis of vocal quality. Audio recordings
were made in quiet surroundings in the Motor Speech
Research Unit at The University of Queensland. Partici-
pants were requested to produce a flat /ah/ three times, at
a comfortable pitch and loudness level. These productions
were recorded onto a digital audio tape (SONY TCD-D10)
with a headset microphone (AKG, Model C 420) posi-
tioned 10 cm to the side of the mouth. All three /ah/
productions were then digitized at 25,000 Hz via Comput-
erized Speech Laboratory (model 4300B; Kay Elemetrics).
Each production of /ah/ was then trimmed to obtain a
3-second sample from the mid-portion. These 3-second
samples were later analyzed in the Multi-Dimensional
Voice Program of the Computerized Speech Laboratory
(model 5105; Kay Elemetrics) to extract a number of
acoustic variables. The mean value of the three samples for
each parameter was used in further statistical analyses.
Only the acoustic parameters related to frequency per-
turbation, amplitude perturbation, and noise and tremor
measurement were used in the study. These included abso-
lute jitter, jitter percent, relative amplitude perturbation,
pitch period perturbation quotient, smoothed pitch period
perturbation quotient, fundamental frequency variation,
shimmer in decibels, shimmer percent, amplitude pertur-
bation quotient, smoothed amplitude perturbation quo-
tient, noise-to-harmonic ratio, voice turbulence index, soft
phonation index, frequency tremor intensity index, and
amplitude tremor intensity index. See the Appendix for a
full description of each of these parameters.
Instrumental assessment of laryngeal function. La-
ryngeal function was assessed instrumentally with electro-
glottographic (EGG) and aerodynamic techniques. The
EGG assessment was conducted with a Fourcin Laryngo-
graph interfaced with a Waveform Display System (model
6091; Kay Elemetrics) running on an IBM-compatible
computer. Three basic measures, that is, fundamental fre-
quency, duty cycle, and closing time, were obtained from
this assessment. Fundamental frequency relates to the pe-
riodicity of the waveform, and is calculated as the length of
time necessary for the vocal folds to complete one vibratory
cycle. The duty cycle of the waveform is defined as the ratio
of time that the vocal folds are open during the vocal period
compared with the duration of the total vibratory cycle.
The closing time is the duration of the closing phase from
totally open to totally closed. To obtain a reliable measure
of each parameter, values were determined from each of
three consecutive waveforms, for three productions of
/ee/. Therefore nine values were obtained for each of the
three parameters, with the mean value for each parameter
reported. Aerodynamic measures relating to air pressure, air
flow, and sound pressure level were assessed with an Aero-
phone II Airflow Measurement System (model 6800; Kay
Elemetrics). Several tasks were completed by each partici-
pant to obtain measures of subglottic air pressure, sound
pressure level, glottal resistance, phonatory flow, and ad-
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description of these procedures, please refer to Theodoros
and Murdoch.11
Instrumental assessment of tongue function. The
transducer system used for assessing tongue function con-
sisted of an air-filled soft rubber bulb connected to a
pressure transducer, as described by Gooze´e et al.12
Five different non-speech tasks were performed to es-
timate tongue strength, fine pressure control, endurance,
and rate of repetitive tongue movements. In each of these
tasks the participant was instructed to use the tongue to
squeeze the bulb against the roof of the mouth.
Maximum tongue pressure (MTP). Each participant
was instructed to “Use the front of your tongue to squeeze
the rubber bulb against the roof of your mouth as hard as
you can.” No visual feedback was provided. The highest
pressure recorded over three trials was registered as that
individual’s maximum tongue pressure (in kPa).
Fine tongue pressure control (FTPC). Each partici-
pant was required to maintain a particular percentage (50%,
20%, 10%) of his or her maximum tongue pressure. The
target pressure was represented as a horizontal line across the
screen, which participants were required to match for 5 sec-
onds. The standard deviation of pressure changes above and
below the target pressure was recorded, with a lower standard
deviation indicating better performance on these tasks.
Repetition of maximum tongue pressure (RMT-
P). Each participant was required to complete 10 maxi-
mum compressions of the rubber bulb against the roof of
the mouth with their tongue, at the rate of approximately
one per second. Participants were instructed to “Use your
tongue to squeeze the bulb against the roof of your mouth
as hard as you can at the rate that I demonstrate.” No visual
feedback was provided. The mean pressure across the 10
repetitions was recorded from this task.
Fast rate of repetitions of maximum tongue pressure
(FRMTP). Each participant was required to produce as
many maximum compressions of the rubber bulb with their
tongue as possible over 10 seconds. Participants were in-
structed to “Use your tongue to squeeze the bulb against
the roof of your mouth as hard and as fast as you can until
I tell you to stop.” No visual feedback was provided. The
mean pressure across all repetitions (FRMTP-P) and the
number of repetitions within the 10-second timeframe
(FRMTP-R) were recorded from this task.
Sustained sub-maximum tongue pressure (SST-
P). Each participant was required to maintain 50% of his or
her previously measured maximum tongue pressure for as
long as possible. Visual feedback was provided. Perfor-
mance on this task was measured as the time (seconds) the
target pressure could be maintained.
Statistical analysis
Data were analyzed with the statistical program SPSS
11.0 for Windows (SPSS, Chicago, Ill). The nonparametric
Friedman test was used to determine changes in perfor-
mance over time on the perceptual ratings of vocal quality.
The values obtained from the acoustic analysis of vocalfunction, and the instrumental assessments of laryngeal and
tongue function were compared across each assessment
period, with the parametric repeated measures analysis of
variance (ANOVA). Variables obtained from the percep-
tual and instrumental assessments of laryngeal and tongue
function were considered statistically significant at P .05.
Because of the large number of variables obtained from the
acoustic analysis, a Bonferroni adjustment was made to the
level of significance, and the alpha level for statistical signif-
icance was set at P  .003 for these results.
RESULTS
Perceptual evaluation of vocal quality. The percep-
tual ratings of vocal quality obtained at each assessment
period were compared with the nonparametric Friedman
test to determine whether there was any significant change
in vocal quality over time. Data for two participants were
unavailable at the 3-month assessment. The results of these
analyses revealed that there was no significant change in the
vocal qualities of breathiness, asthenicity, strain, or instabil-
ity over the three assessment periods; however, the vocal
qualities of overall grade and roughness were significantly
different (P .05) across time (Table I). Post hoc analyses
(Wilcoxon signed-ranks test) were then used to determine
how the values for grade and roughness varied from one
assessment period to another. The degree of roughness
rated in the vocal quality of the participants was signifi-
cantly more apparent at the 2-week post-CEA assessment
than at the 3-month assessment (z  1.965; P  .049).
However, the ratings for roughness at 2 weeks (z 
1.475; P  .140) and 3 months (z  .000; P  1.00)
post-CEA were not significantly different from preopera-
tive levels, indicating that roughness was more apparent
shortly after surgery, but returned to baseline levels by the
3-month assessment. Of interest, post hoc analysis revealed
that the overall grade of vocal quality did not differ signif-
icantly between the pre-CEA and 2-week assessments (z 
1.397; P .162), 2-week and 3-month assessments (z
1.502; P  .133), or pre-CEA and 3-month assessments
(z.036; P .971), although the overall grade of vocal
quality was poorest at the 2-week assessment, and the
Table I. Comparison (Friedman test) of mean consensus
perceptual rating for each vocal dimension for three
assessment periods
Perceptual vocal
quality
Preoperative
(n  28)
2 wk
post-CEA
(n  28)
3 mo
post-CEA
(n  26)
2 PMean SD Mean SD Mean SD
Grade 1.17 0.55 1.30 0.55 1.15 0.64 7.11 .029*
Roughness 1.20 0.53 1.37 0.62 1.15 0.56 6.11 .047*
Breathiness 0.27 0.60 0.21 0.63 0.21 0.60 0.70 .705
Asthenicity 0.07 0.26 0.00 0.00 0.00 0.00 4.00 .135
Strain 0.07 0.26 0.05 0.28 0.00 0.00 2.00 .368
Instability 0.27 0.55 0.27 0.52 0.19 0.51 2.23 .328
*P  .05.
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sons did approach statistical significance.
Acoustic analysis of vocal quality. The results ob-
tained from the acoustic analysis of vocal quality were
compared with a series of repeated measures ANOVA tests
to determine whether there was any significant difference in
these values over time. Because of the large number of
parameters obtained from this analysis, a Bonferroni cor-
rection was applied, and the level of statistical significance
was set at P  .003 for these results. The results of these
comparisons failed to identify a significant difference across
time for any of the acoustic parameters assessed (Table II).
Instrumental assessments of laryngeal and tongue
function. A series of one-way repeated measures ANOVA
tests was undertaken to determine whether there were any
changes in performance across time on any of the measures
obtained from the instrumental assessments of laryngeal
and tongue function. These comparisons revealed that
there was no significant difference across time for any EGG
(fundamental frequency, duty cycle, closing time) or aero-
dynamic (phonatory flow, sound pressure level, peak glottal
pressure, glottal resistance, adduction or abduction rate)
measures of laryngeal function (Table III). Similarly, the
instrumental assessment of tongue function failed to iden-
tify any significant difference across time for any of the
parameters assessed (maximum tongue pressure, fine
tongue pressure control, repetition of maximum tongue
pressure, fast repetition of maximum tongue pressure, and
sustained submaximal tongue pressure; Table IV).
Table II. Comparison (repeated measures ANOVA) of aco
Program at three assessment occasions
Acoustic measures
Preoperative
(n  28)
2 w
Mean SD Mean
Frequency perturbation
Jita 157.95 96.86 154.7
Jitt 1.88 0.92 1.8
RAP 1.13 0.58 1.1
PPQ 1.09 0.50 1.1
SPPQ 1.71 0.89 1.7
vFo 3.44 3.93 3.4
Amplitude perturbation
ShdB 0.66 0.30 0.6
Shim 7.45 3.37 7.0
APQ 4.65 1.92 4.3
sAPQ 5.92 1.81 5.4
vAM 10.63 3.36 10.2
Noise and tremor
NHR 0.15 0.03 0.1
VTI 0.04 0.01 0.0
SPI 31.49 15.61 37.0
FTRI 0.77 0.42 0.8
ATRI 3.70 1.41 3.4
Jita, Absolute jitter; Jitt, jitter (%); RAP, relative average perturbation (%
perturbation quotient (%); vFO, fundamental frequency variation (%); ShdB
sAPQ, smoothed amplitude perturbation quotient (%); vAM, peak amplitude
soft phonation index score; FTRI, Fo tremor intensity index score (%); ATIncidence of recurrent laryngeal and hypoglossal
nerve damage. Although as a group no significant perma-
nent changes were noted in laryngeal or tongue function,
three participants did demonstrate some tongue or laryn-
geal dysfunction. The tongue function in two participants
was impaired at the 2-week assessment, with obvious devi-
ation of the tongue to one side on protrusion. One partic-
ipant had quite pronounced impairment, which resolved
fully by the 3-month assessment, and a second participant
demonstrated very mild impairment in tongue function,
which persisted at the 3-month assessment. Just one par-
ticipant demonstrated obvious laryngeal dysfunction in ad-
dition to hoarseness at the 2-week assessment. After right-
sided CEA this participant’s pitch level was abnormally
elevated, changing from a fundamental frequency of 148
Hz before CEA to 235 Hz at the 2-week assessment, then
returning to baseline at the 3-month assessment. Direct
observation of this man’s vocal cords at the 2-week assess-
ment revealed swelling of the right cord, but good move-
ment, suggestive of post-intubation trauma. This swelling
had resolved at the 3-month assessment.
DISCUSSION
The results of the present investigation indicate that, on
the basis of perceptual and acoustic analysis of vocal quality,
and instrumental assessments of laryngeal and tongue func-
tion, no significant permanent changes in laryngeal or
tongue function were demonstrated in the present group of
participants after primary CEA. Early studies reported a
c values obtained from Multi-Dimensional Voice
t-CEA
28)
3 mo post-CEA
(n  26)
f PSD Mean SD
98.34 162.40 88.77 0.06 .940
0.96 2.05 1.06 0.44 .649
0.60 1.21 0.63 0.35 .562
0.54 1.24 0.69 0.80 .454
0.83 2.16 2.21 0.97 .387
3.01 4.98 8.13 0.80 .457
0.28 0.77 0.39 1.97 .173
3.18 8.65 4.29 2.30 .111
1.78 5.39 2.66 2.13 .129
1.87 6.60 3.26 1.86 .167
4.06 11.19 5.28 0.38 .682
0.03 0.16 0.06 4.23 .020
0.02 0.03 0.01 1.07 .351
19.88 32.40 14.23 3.09 .054
0.39 1.11 1.48 1.15 .325
1.61 3.98 2.20 0.31 .735
Q, pitch period perturbation quotient (%); sPPQ, smoothed pitch period
mer (dB); Shim, shimmer (%); APQ, amplitude perturbation quotient (%);
ion (%); NHR, noise-harmonic ratio; VTI, voice turbulent index score; SPI,
plitude tremor intensity index score (%).usti
k pos
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CEA4,13; however, our findings are in agreement with
more recent studies that found much lower rates of cranial
nerve damage.3,5,6,14,15
The positive findings of the present study could be due
to a number of factors, including the comprehensive, ob-
jective evaluation procedures used, the prospective nature
of the study, and the possible effect of improved surgical
techniques in recent years. Many of the previous studies of
cranial nerve injury associated with vocal dysfunction after
CEA used assessment techniques that focused primarily on
the subjective evaluation of cranial nerve function,3-5,7 and
were often based on retrospective review of postoperative
progress and clinical notes14; others were based solely on
the subjective evaluation of motor speech function.13 None
of these studies provided details of the specific type of
surgery or information detailing whether patients under-
went primary or repeat CEA. Furthermore, the studies
conducted by Balotta et al,3 Liapis et al,4 Maroulis et al,5
and Zannetti et al7 all assessed the outcome of CEA surgery
solely on the basis of cranial nerve assessment, with no
Table III. Comparison (repeated measures ANOVA) of la
Laryngeal
parameter
Preoperative
(n  26)
2 wk posto
(n 
Mean SD Mean
Laryngograph
Fo 152.21 44.27 157.85
DC 0.52 0.07 0.50
CT 2.26 0.78 2.24
Aerophone II
PF 0.70 0.22 0.76
SPL 80.34 3.95 80.33
Peak GP 6.42 2.44 7.82
GR 10.46 7.96 15.74
Ad/Ab rate 3.41 1.05 3.05
Fo, Fundamental frequency (Hz); DC, duty cycle; CT, closing time (ms); PF,
H2O); GR, glottal resistance (N/m5); Ad/Ab, adduction/abduction rate (
Table IV. Comparison (repeated measures ANOVA) of va
function at three assessment occasions
Tongue
parameter
Preoperative
(n  28)
2 wk post-C
(n  28
Mean SD Mean
MTP 35.49 7.42 36.13
FTPC50 2.08 1.14 1.74
FTPC20 1.22 0.73 1.22
FTPC10 0.75 0.51 0.68
RMTP 28.81 6.86 29.49
FRMTP-R 13.86 5.25 13.93
FRMTP-P 27.22 6.79 28.40
SSTP 28.20 9.85 27.28
MTP, Maximum tongue pressure (kPa); FTPC50, fine tongue pressure co
pressure); FTPC20, fine tongue pressure control at 20% of MTP (SD of pr
pressure control at 10% of MTP (SD of pressure changes above and below the
of MTP (rate); FRMTP-P, fast repetition of MTP (kPa); SSTP, sustained sudetailed evaluation of laryngeal or tongue function. Of
interest, although rather high incidences of cranial nerve
injury were reported in these studies,3-5,7 all authors ac-
knowledged that, for the most part, the impairment to
cranial nerves was transient, with very few permanent inju-
ries noted.
The study by Johna et al,14 which identified vagus
nerve injury in 1.3% of patients, was based on the retrospec-
tive review of medical records. There are, however, several
flaws associated with use of clinical notes when reporting
the incidence of cranial nerve damage. Clinical notes re-
garding vocal quality post-surgery are often not made by
speech pathologists, who are trained in the rating of vocal
quality. In addition, the rater is not blinded to the proce-
dure the patient has undergone, and hence the ratings are
open to bias.
The perceptual evaluation of speech function used in
the study conducted by Evans at al13 identified SRLN
impairment in 14% of patients 2 days after surgery, with
only 4.5% demonstrating any impairment at 6 weeks post-
CEA. The lack of standardized definitions of “normal”
eal values obtained at three assessment occasions
ive 3 mo postoperative
(n  23)
f PSD Mean SD
5.23 157.14 46.19 0.677 .513
0.06 0.52 0.07 0.976 .385
0.68 2.37 0.82 1.074 .351
0.35 0.70 0.23 0.620 .543
4.16 79.06 4.54 1.615 .212
4.18 6.98 3.19 1.000 .377
7.80 11.48 6.49 0.885 .421
1.09 3.58 1.51 1.383 .263
tory airflow (1/s); SPL, sound pressure level (dB); GP, glottal pressure (mm
obtained from instrumental assessment of tongue
3 mo post-CEA
(n  26)
f PMean SD
4 36.85 7.39 1.173 .318
2 1.69 0.66 2.531 .090
0 0.98 0.48 1.314 .278
9 0.70 0.35 0.735 .485
8 30.51 7.03 1.130 .331
2 14.15 4.98 0.176 .839
7 28.29 6.43 0.641 .531
3 26.66 10.90 0.524 .595
at 50% of MTP (SD of pressure changes above and below the 50% target
changes above and below the 20% target pressure); FTPC10, fine tongue
arget pressure); RMTP, repetition of MTP (kPa); FRMTP-R, fast repetition
imal tongue pressure (s).ryng
perat
26)
4
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cps).lues
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tations of perceptual analysis of speech.16,17 Perceptual
analysis essentially identifies and describes the characteris-
tics of speech, but does not define the physiologic impair-
ment underlying the speech or voice disorder. Hence reli-
ance on the perceptual assessment of laryngeal function
alone may lead to inaccurate assumptions regarding the
true nature of the phonatory disturbance. In the present
study, although a significant increase in “roughness” was
noted in the perceptual evaluation of vocal quality at the
2-week assessment, no significant change in vocal quality or
laryngeal function was identified with the more objective
acoustic assessment of vocal quality, and measures of laryn-
geal aerodynamics and vocal fold vibratory patterns. This
finding highlights the limitations of relying solely on the
perceptual evaluation of vocal quality, and supports the
inclusion of more objective evaluations of motor speech
function when evaluating motor speech function after
CEA.
Another limitation of earlier studies is that they were
retrospective, and assessments were often conducted once
only. Therefore information regarding the transience or
permanence of cranial nerve dysfunction was not available.
The present study identified poorer vocal quality (rough-
ness) at the 2-week assessment, which, however, returned
to near normal levels at the 3-month assessment. Therefore
studies in which cranial nerve evaluation and vocal quality
assessment were conducted only immediately after CEA or
in the month after CEA, with no long-term follow-up, may
have overdiagnosed the incidence of these disorders. In
fact, studies that have observed patients for a longer period
post-surgery have identified high rates of transient, as op-
posed to permanent, cranial nerve damage.6,13 Evans et
al13 identified an injury rate of 5% to the hypoglossal nerve
and 14% to the SRLN at 2 days post-surgery, which de-
clined to 1.6% and 4.5%, respectively, at 6 weeks post-CEA.
Schauber et al6 evaluated the cranial nerve function in 183
patients before CEA surgery and followed their progress for
up to 50 months after surgery. They identified an overall
transient cranial nerve injury rate of 9.8%, with only 1.1% of
injuries considered permanent, a finding that strongly sup-
ports the transient nature of cranial nerve injuries after
CEA.
The transient decline in vocal quality noted in the
present group of subjects after CEA could also have been
the result of endotracheal intubation resulting in local
edema or irritation of the vocal folds. Zannetti et al7
identified non-neurologic injuries (laryngeal ecchymosis,
edema) in 42% of patients after CEA. They hypothesised
that hemilaryngeal edema occurring on the side operated
on in individuals who receive local anaesthesia may be due
to the tireolinguofacial trunk during carotid dissection
causing edema from venous stasis. Although no permanent
change to laryngeal or tongue function was identified in the
present study, the inclusion of a control group of patients
who had undergone vascular surgery other than CEA (eg,
femoropopliteal bypass) would have more clearly demon-
strated the effects on vocal function of intubation for theadministration of general anaesthesia. The inclusion of such
a group in future studies is recommended.
It should be noted that the present study investigated
the indirect effects of CEA on only the hypoglossal nerve
and the SRLN, and did not attempt to evaluate damage to
any other cranial or cervical nerves. However, permanent
cranial nerve injury has recently been reported to occur in
1% to 6% of patients,6,14 and some studies even report no
permanent damage to cranial nerves after standard
CEA.3,5,15 The low rate of permanent cranial nerve injury
after CEA reported in this and other recent studies is also
no doubt to the result of improved surgical techniques over
the past 20 years, as well as the skill of the individual
surgeon. In a recent study Lazaris et al15 used acoustic
analysis to compare the vocal quality in patients who had
undergone low-level and high-level surgical dissection dur-
ing CEA. They found that there were no significant
changes in the vocal quality in patients in the low-level
dissection group, but the high-level dissection group dem-
onstrated disturbances in vocal quality 2 months post-
CEA. These authors postulated that the more complicated
high-level dissection was a risk factor for postoperative
vocal impairment. Therefore it is imperative that as new
surgical techniques are developed they are monitored to
determine their effect on cranial nerve function, in partic-
ular the SRLN and hypoglossal nerve.
APPENDIX
Jita Absolute Jitter, an evaluation of the period-to-
period variability of the pitch period within the analyzed
voice sample.
Jitt Jitter Percent, relative evaluation of the period-to-
period (very short-term) variability of the pitch within the
analyzed voice sample. It represents the relative period-to-
period (short-term) variability.
RAP Relative Amplitude Perturbation (%), evaluation
of the period-to-period variability of the pitch within the
analyzed voice sample with smoothing factor of three peri-
ods.
PPQ Pitch Period Perturbation Quotient (%), relative
evaluation of the period-to-period variability of the pitch
within the analyzed voice sample with a smoothing factor of
five periods.
sPPQ Smoothed Pitch Period Perturbation Quotient
(%), relative evaluation of the short-term or long-term
variability of the pitch period within the analyzed voice
sample.
vFo Fundamental Frequency Variation (%), relative
standard deviation of the fundamental frequency. It re-
flects, in general, the variation of Fo (short-term to long-
term) within the analyzed voice sample.
ShdB Shimmer in decibels (dB), an evaluation in dB of
the period-to-period (very short-term) variability of the
peak-to-peak amplitude within the analyzed voice sample.
Shim Shimmer Percent, relative evaluation of the peri-
od-to-period (very short-term) variability of the peak-to-
peak amplitude within the analyzed voice sample.
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uation of the period-to-period variability of the peak-to-
peak amplitude within the analyzed voice sample with
smoothing of 11 periods.
sAPQ Smoothed Amplitude Perturbation Quotient
(%), relative evaluation of the short-term or long-term
variability of the peak-to-peak amplitude within the ana-
lyzed voice sample.
VAM Amplitude Variation (%), relative standard devi-
ation of the peak-to-peak amplitude. It reflects in general
the peak-to-peak amplitude variations (short-term to long-
term) within the analyzed voice sample.
NHR Noise-to-Harmonic Ratio, average ratio of the
inharmonic spectral energy in the frequency range of 1500
to 4500 Hz to the harmonic spectral energy in the fre-
quency range of 70 to 4500 Hz. This is a general evaluation
of noise present in the analyzed signal.
VTI Voice Turbulence Index, average ratio of the
spectral inharmonic high-frequency energy in the range of
2800 to 5800 Hz to the spectral harmonic energy in the
range of 70 to 4500 Hz in areas of the signal where the
influence of the frequency and amplitude variations, voice
breaks, and subharmonic components are minimal. It mea-
sures the relative energy level of high-frequency noise.
SPI Soft Phonation Index, average ratio of the lower
frequency harmonic energy in the range of 70 to 1600 Hz
to the higher frequency harmonic energy in the range of
1600 to 4500 Hz.
FTRI Frequency Tremor Intensity Index (%), average
ratio of the frequency magnitude of the most intensive
low-frequency modulating component (Fo-tremor) to the
total frequency magnitude of the analyzed voice signal.
ATRI Amplitude Tremor Intensity Index (%), average
ratio of the amplitude of the most intensive low-frequency
amplitude modulating component (amplitude tremor) to
the total amplitude of the analyzed voice signal.
(From Multi-dimensional voice program manual.
Computerized Speech Laboratory. Lincoln Park (NJ): Kay
Elemetrics; 1999.)
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